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1 
This invention relates to magnetic cores ,made 
of finely divided ferro-magneti.c metals, which 
are suitable for induction coils in high frequency 
circuits, and to methods for making such coils. 
It is an object of this invention to provide 
novel magnetic cores of powdered ferro-mag- 
netic metals or alloys, especially carbonyl iron 
(i. e. iron powder obtained by thermodecomposi- 
tion of iron ,carbonyl), which combine high per- 
meability, high Q value (i. e. ratio of reactance 
to effective resistance) and low eddy :current loss 
with high alechanical strength, resistance to 
breakage by shock and capacity to retain the 
foregoing advantageous properties at elevated 
temperatures of the order of 200 ° C. It is also an 
object of this invention to provide a method for 
manufacturing cores having the aforesaid ad- 
vantages. 
It was known heretofore to manufacture mag- 
netic cores from finely divided ferro-magnetic 
metals and alloys, by mixing the metal parti- 
cles, preferbly provided with an individual in- 
sulating coating or ingredient, with an organic 
binder, e. g. urea-formaldehyde or phenol-form- 
aldehyde resins, Zhermoplastic resins, varnishes, 
drying oils and the like, molding the mixture to 
the desired shape and curing, if necessary, dur- 
ing or af ter the molding operation. 
Cotes of the aforesaid type, containing an 
organic resin :binder, were incapable, however, of 
withstanding temperatures of the order of 200 ° 
C. which are sometimes encountered in high fre- 
quency applications, since the binders were de- 
composed or charred and the cotes rapidly lost 
their requisite characteristies. 
Ceramic binders such as alkali metal silicates 
have also been employed in making cotes from 
powdered ferro-magnetic metals, but while such 
binders withstand high temperatures without de- 
terioration, the resulting cotes are brittle, of poor 
mechanical strength, exceedingly fragile when 
subjected fo shock and incapable of being ma- 
chined. 
More recently, a class of resins has become 
avaflable which can be used for insulating pur- 
poses and which withstand temperatures as high 
as 260 ° C. without deterioration. These resins 
are organic sfloxane polymers of which the units 
radicals have the formulae 
R 

and 

R 
--Si--O-- 
0 
I 
wherein 1 is a hydrocarbon group (e. g..methyl, 60 

2 
ethyl, phenyl, benzyl). These resins are obtain- 
able in the form of liquids vhich are soluble in 
volatile organic solvents, including benzene and 
ifs homologues, and when heat cured, yield touch 
5 flexible films having good insulating properties. 
When the aforesaid organic siloxane polymers 
are employed in the ordinary manner as a binder 
for flnely divided ferro-îïagnetic metals such as 
carbonyl iron, the mixture being molded into a 
]0 cote, the resulting cote, when heat cured or sub- 
jected fo a temperature of 200 ° C., is subject fo 
deterioration involving discoloration and loss of 
the required magnetic and electrical characteris- 
tics, the Q value decreasing to zero and the 
15 conductivity increasing in such a manner as fo 
cause excessive eddy current losses. 
I have dis,covered a .method whereby the afore- 
said organic siloxane polymers can Ibe employed 
as a binder for flnely divided ferro-magnetic 
20 metals or alloys, especially carbonyl iron, to yield 
cotes which hae a high Q value, high perme- 
abflity, low eddy .current loss, high mechanical 
strength, resistance to breakage by shock, suit- 
able machining properties, and which retain these 
25 properties upon prolonged exposure to temper- 
atur.es of 200 ° C. 
In my invention, finely divided ferro-magnetic 
metals or alloys are employed, wherein the par- 
ticles are of spherical shape and have an average 
0 weight diameter of 3-20 .microns; preferably car- 
bonyl iron powders are used, the particles of 
which have the aforesaid shape and dimensions. 
IIowever, ferro-magnetic alloys such as alloys of 
iron and nickel or iron and coblt, produced by 
25 thermo-decomposition of a mixture of the corre- 
sponding carbonyls, ,can also be .used. 
The metal particles are flrst provided with an 
individual insulating coating, preferably by 
positing an insoluble metal phosphate such as 
40 iron, ,manganese or zinc phosphate thereono 
This is accomplished by known methods wherein, 
for ,example, the powdered metal is treated with 
a weakly acid solution of the metal phosphates, 
the solution neutralized, and th.e particles bearing 
45 the resulting precipitated phosphate as a coating 
are washed and 'dried. 
In accordance with one procedure of my in- 
vention, the individually insulated metal parti- 
cles are mixed with a non-conducting inorganic 
50 spacing material, for example, by mixing the 
metal particles with a solution of alkali metal 
silicate, drying, and sifting the resulting powder 
consisting of agglonerates of the metal particles 
fo reduce the size thereof so that the agglomer- 
55 ates will pass a screen having 100 meshes per 
linear in.ch. Instead of employing an alkali metal 
silicate, the ,parti.cles 'can be mixed with a finely 
divided refractory insulating raaterial such as 
talc, magnesium oxide, aluminum oxide, kaolin 
and the like, having a flneness comparable or 
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3 
preferably less than that of the metal larticles. 
The resulting mixture is then impregnated or 
thoroughly mixed with a solution of an organic 
sfloxane polymer of the type descrfi0ed above, 
in a volatile inert organic sotvent; .the solvent 
is evaporated, and the mixture molded af high 
pressure into the desired shape for magnetic 
cores. Thereafter, the molded cotes are sub- 
jected to a heat curing treatment af 150-200 ° C. 
to cure the siloxane resin binder. 
In an alternate procedure, incorporation of an 
insulating spacing material such as the alkàli 
metal silicate or inorganic finely divided refrac- 
tory material is omitted. However, in order to 
maintain the ïîetal particles insulated from each 
other duxing the heat curing operation and sub- 
sequent exposure to operating temperatures of 
200 ° C., the moIded articles are coated with a 
film of the organic sitoxane polymer employed as 
a binder before subjecting them to heat curing. 
Otherwise,  the organic spacing material as well 
as the aforesaid coating step is omitted, the par- 
ticles, especially in the surface layer of the cotes, 
,become de-insu]ated upon stripping from the 
mold, and in the heat cu'ing operation, discolor- 
ation will occur resulting in excessive conduc- 
tivity and decrease of the Q value. 
The cores obtained in accordance with the 
aforesaid procedures have high permeability, 
high density, low eddy current loss, and a Q 
value eq.ual fo af least 80% of the highest Q 
values obtainable when conventional resin bind- 
ets re employed for making cotes for operation 
af ordinary temperatures. In addition, the cotes 
produced in accordance with my invention possess 
high mechanical strength so that they can be 
machined and are highly resistant fo breakage 
shock. Upon exposure for prolonged periods to 
temperatures of the order of 200 ° C., the forego- 
ing advantageous properties are maintained. 
In the accompanying drawing, Figure 1 illus- 
trates by means of a fiow-diagram the two proc- 
esses of the instant invention. Figure 2 shows a 
section of a cote produced in accordance with 
one of the processes of the instant invention. 
Figm'e 3 shows a section of a cote produced in 
accordance with £he second process of the in- 
stan invention. 
Methods of making cotes in accordance with 
my invention are illustrated in the following ex- 
amples. 
Example 1 
100 grams oï carbonyl iron of which the parti- 
cles are of spherical shape and have an average 
weight diameter of 5 microns were reacted at 
20-30 ° C. with 100 .cc. of a weakly acid, previ- 
ously bofled solution containing 1-2 % of a mix- 
ture of approximately equal parts of iron and 
manganese phosphates, for a period from one- 
hall fo one minute. The solution was neutral- 
ized by adding dfl.ute aqueous sodium bicarbonate 
solution, and the carbonyl iron powder bearing 
an insulating coating of manganese and iron 
phosphates was separated from the solution, 
washed thoroughly with water and dried. 
The resulting insutated iron powder was thor- 
oughly mixed with 2-4 grains of water glass 
(aqueous sodium silicate solution of about 50% 
concentration) previously diluted with 5-10 cc. 
of water, and the mixture dried with mfld agi- 
tation, preferably in vacuo, at temperatures up to 
i00  C. 
The product thereby obtained consisted of 
frangible agglomerates of the iron particles, 

4 
bound tvgether .by the lkali metal silicate which 
acted as an insutating spacing materil between 
the particles. This product was sifted through a 
screen having î00 meshes to a linear inch, to 
5 reduce any oversized agglomerates so that they 
passed the screen. 
The reulting pewder was thoroughly mixed 
with ,4 grains of a .fllm-forming, heat-curable 
hydrocgrbon siloxane pelymer, previously dfluted 
]0 vith 10-20 cc. of benzene, toluene or other inert 
volatile organic solvent. The solvent was evap- 
orated af 100 ° C., yielding i tacky, pewdered 
mass of the sfloxane resin and the particle ag- 
glomerates. This mass was molded at a pressure 
15 of 5-30 tons per square inch without heating, 
into small cylinders (e. g. one-half inch long and 
one-q.uarter inchin diameter), and tooids (e. g. 
of rectangular cross-section, one-half inch hih, 
with inside diameter of one inch and outside 
20 diameter of one and one-half inches). Thèse 
molded shapes were cured for one to two hours 
at 200 ° C., or for about four hours at 150 °c. 
If desired, the 'surface of the molded articles tan 
be coated with a film of organic siloxane polymer 
25 before or after the aforesaid heat curing oper- 
aton, ,by dipping them into a solution of the 
resin simflar fo that used for i.mpregnating the 
powder, the solvent being evaporated. When 
such a coating is applied after the initial .heat 
30 curing treatment, a second heat curing tret- 
ment undêr sLmflar conditions is advantageoty 
effected. 
The resulting ,cotes are characterized by hlh 
mechanical strength adequate for threa<ling-¢hem 
,, on a grinder, and possess high permeabitty, 
eddy current loss, and a Q value at least'.80% of 
the best Q value obtained by employing a co- 
ventional resin,binder with insulated particlls0f 
the saine type for making a cote opèrating 
,,,.o ordinary temperatures. Upon heating .for 
hours af 200 ° C., the aforesaid properties of fhe 
cotes remain substantially unchanged, the Q 
value decreasing hOt more.than.5 % frm:its orig- 
inal value. The cotes äre suitable for :tse .in 
45 apparatus operating at a frequency of,50 :mega- 
cycles. 
Exanple 2 
100 grams of carbonyl iron powder bearlng 
50 individual partfcle insulationof manganese and 
iron phosphate, produced as described in the pre- 
ceding.example, were thoroughly mixed .with 2-6 
grains of organic sfloxane .polymer in benzene 
solution, Of thesame £ype employed in Example.l, 
55 and the solvent was evaporated at a temperature 
of 100 ° C. The resulting tacky-mass was molded 
without heating into shapes similar fo the of 
Example 1. After extraction from the mold, 
articles were dipped into a solution of the 
6 ganic siloxane polymer resin similar 'fo .tht pre- 
viously added fo the Imwder. After drylng0 the 
cotes were heaç cured in the saine manner 
scribed,ln the precedlng exemple. 
The resulting cotes had advantages sirailar 
65 those of the cotes of Example 1 and withstood 
temperatures of 200 ° C. for 10 hours wlth hot 
more than a 10% decrease In the Q value. The 
cotes were otherwise unaffected by the high tem- 
perature. 
70 Instead of the carbonyl iron powder employed 
in the foregoing examples, carbonyl iron of a 
different grade can e used wherein the particles 
bave an average weight diameter of 3-20 microns. 
For high frequency applications involving fre- 
75 quencles of 50 megay¢les, carbonyl iron hvi 
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an average diameter of 3-5 microns ls preferred. 
Other finely divided ferro-magnettc metals or al- 
loys such as iron-nickel or iron-cobalt alloys can 
be substituted ïor carbonyl iron in the examples, 
providing the paricles are o£ spherlcal shape 5 
and their size is within the aforesaid range. 
Vhen metal powders are employed in whtch the 
particle size is larger than that used in the fore- 
going examples, the proportion of the organlc 
siloxane polymer resin used as a binder is pref- I0 
erably decrea.ed to 1% of the weight of the metal 
as the average diameter increaes to 20 microns; 
while if smaller particles having an average di- 
ameter, for example, of 3 mlcrons are used, the 
amount of said binder is preferably increased to 15 
about 6% of the weight of the metal. A suit- 
able amount of organic solvent for incorporating 
the resin with the metal powders generally 
amounts to 10-20% of the weight of the metal. 
Ordinarlly, benzene and its homologues, e. . 20 
toluene or xylene, are best suited as solvent for 
the siloxane resin. 
In preparing the metal phosphate insulation, 
the conventional procedure is nsed, the amount 
of metal phosphate being in general 1-2% of the 25 
weight of the metal powder. For powders of the 
degree of fineness represented in the examples, 
a ,mixture of iron and manganese ph«sphat is 
preferred. Other insoluble metal phosphates, 
e. g. zinc phosphate, are better adapted for çow- 30 
ders of substantially larger average particle size. 
When an inulating spacer is used, a suitable 
amount is frorn 1-2% on a dry basls of the 
weight of the metal. Alkali metal silicates, use 
of which is described in the examples, are pre- 35 
ferred. Talc, kaolin, aluminum oxide, magne- 
sium oxide, and similar inert inorganic insulat- 
ing materials can be used instead in similar 
amounts, providing they bave a flneness com- 
parable with or less than that of the metal 
particles. Such materials are most conveniently 
mixed with the metal particles in dry form, al- 
though they can be added in the form of a 
slurry from vhich the liquid is subsequently 
evaporated. The water present in alkali metal 
silicate solutions, or as a medium for a slurry of 
a refractory inorganic spacer of the type men- 
tioned above, is preferably removed from the 
metal powder by drying in vacuo. 
The amount of organic siloxane resin poly- 50 
mer can vary from 1-6% of the metal parti- 
cles, the amount preferably being increased as 
the average size of the particles decrees with- 
in the range of 3-20 microns. 
In molding the core from the powder and 55 
resin mixture, pressures of 5-30 tons per square 
inch bave been round satisfactory. 
The cores prepared in accordance with my 
invention are especially adapted for use in in- 
ductance coils for high frequency operation, par- 60 
tlcularly frequencies of the order of 50 mega- 
cycles. 
Other variations and modifications which will 
be obvious to those skilled in the art can be 
made in the foregoing procedures without de- 65 
parting from the score of this invention. 
I claim: 
1. A magnetic core suitable for high tempera- 
ture, high frequency purposes, made up of a 
compact mass of finely divided ferro-magnetic 70 
particles of spherical shape having an average 
diameter of 3-20 microns, and having an insu- 
lating coating of an insoluble metal phosphate 
thereon; an inorganic refractory insulating ma- 
terial intermingled with the coated particles; 75 

and as a binder, a heat-cured resinous hydro- 
carbon siloxane polymer amounting to 16% of 
the weight of the metal. 
2. A magnetic core suitable for high tempera- 
ture, high frequency purposes, made up of a 
compact mass of ïmely divided ferro-magnetic 
particles of spherical shape having an average 
diameter of 3-20: microns, and having an insu- 
lating coating of an insoluble metal phosphate 
thereon; a heat-cured resinous hydrocarbon 
siloxane polymer as a binder, amounting fo 1-6 % 
of the welght of the metal; and an external 
coating of said polYmer on the surface of the 
core. 
3. A magnetic core suitable for high tempera- 
ture, hlgh frequency purposes, made up of a 
compact mass of carbonyl iron powder of which 
the particles bave an average diameter of 3-5 
microns, said particles having an insulating 
coating thèreon of a mixture of iron and man- 
ganese phosphates; a heat-cured resinous 
drocarbon siloxane polymer as a binder there- 
for amounting to about 4-6% of the weight of 
the iron; and an external coating of said poly- 
mer on the surface of the core. 
4. A magnetic corè suitable for high tempera- 
ture, high frequency purposes, marie up of a com- 
pact mas of carbonyl iron powder of which the 
particles bave an average diameter of 3-5 mi- 
crons, said particles having an insulating coat- 
ing of a mixture of iron and manganese phos- 
phares; an alkall metal silicate distributed be- 
tween the particles as a spacing material, and 
amounting to 1-2% by weight of the iron; and 
as a binder, a heat-cured resinous hydrocarbon 
siloxane polymer amounting to 4-6% of the 
weight of the iron. 
5. The method of making a magnetic core for 
high temperature, high frequency purposes, 
which comprises forming an insulating metal 
phosphate coating on the individual particles of 
a finely divided ferro-magnetic metal of which 
the particles are spherical in shape and bave an 
average diameter of 3-20 microns, impregnating 
the particles with a heat-curable resinous 
drocarbon siloxane polymer amounting fo 1-6% 
of the weight of the metal, molding a core from 
the resulting mixture under a pressure of 5-30 
tons per square inch, coating the molded core 
with a film of said polymer, and heat curing 
the core at a temperature of 150-200 ° C. 
6. The method of making a magnetic core for 
high temperature, high frequency purposes, 
which comprises forming an insulating metal 
phosphate coating on the individual particles of 
a flnely divided ferro-magnetic metal of which 
the particles are spherical in shape and bave 
an average diameter of 3-20 microns, uniformly 
intermingling an inorganic refractory insulating 
material with the coated Particles, impregnating 
the mixture, while dry, with a heat-curable 
resinous hydrocarbon siloxane polymer, amount- 
ing to 1-6 % of the weight of the metal, molding 
a core from the resulting mixture under a pres- 
sure of 5-30 tons per square inch, and heat cur- 
ing the molded core at a temperature of 150- 
200 ° C. 
7. The method of making a magnetic core for 
high temperature, high frequency purposes, 
which comprises forming an insulating coating 
of a mixture of iron and manganese phosphates 
on the individual particles of carbonyl iron pow- 
der, said partlcles having an average diameter 
of 3-5 microns, impregnating the insulated par- 
ticles with a heat-curable restnous hydrocarbon 



siloxane polymer amountIng to 4-6% of the 
weight of the iron, molding a cote from the 
mixture under a pressure of 5-30 tons per square 
inch, coating the molded core with a film of 
said polymer, and heat curing the core ata tem- 
perature of 150-200 ° C. 
8. The method of making a magnetic cote for 
high temperature, high frequency purposes, 
which comprises forming an insulating coating 
of a mixture of iron and manganese phosphates 
on the individual particles of carbonyl iron pow- 
der of which the particles have an average diam- 
eter of 3-5 microns, mixing an aqueous atkali 
metal silicate with the insulated particles, the 
amount of said silicate being, on a dry basis, 
1-2% of t-he weight of the iron, drying the re- 
sulting mixture, impregnating the resulting 
iron-silicate mixture with a heat-curable resin- 
ous hydrocarbon siloxane polymer amounting to 
4-6% of the weight of the iron, molding a cote 
from the resultina mixture af 5-30 tons per 
square inch, and heat curing the molded cote 
at a temperature of 150-200 ° C. 
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